INTRODUCTION
In the summer rainfall area of South Africa internal helminth parasites are an important cause of disease in communally grazed indigenous goats belonging to resource-poor farmers of KwaZulu-Natal Province, South Africa 19, 20 . Dry-season (winter) feed scarcity was identified as an important constraint to improving goat productivity in these animals 20 . Resourcepoor communities have also indicated that poor reproductive performance of goats is a major concern 7 . Studies with Boer goats on extensive grazing at Onderstepoort Veterinary Institute, Gauteng Province, in the summer rainfall area of South Africa showed that ureamolasses block supplementation during the dry winter period (June to August) resulted in heavier cold dressed-out carcase weights compared with weights of non-supplemented controls 18 . The increase in carcase value showed that supplementation was economically justifiable. The aim of the present investigation was to quantify the effects of 3 interventions and the interaction between these interventions on gastrointestinal nematode infection and goat productivity. The interventions were: urea-molasses block supplementation during the dry winter seasons of 2004 and 2005, tactical anthelmintic treatment during the wet summer period and symptomatic treatment of all goats judged anaemic throughout the entire study period. The FAMACHA © system was used to identify anaemic goats as this is simple and practical for use on farms 3 .
MATERIALS AND METHODS

Selection of the farms and goats used in the study
The study area, comprising the 3 goatkeeping communities of Nkwezela, Hlafuna and Njobokazi, near Bulwer, falls within the Moist Highland Sourveld and Moist Tall Grassveld Bioresource Groups 4 . The topography comprises rolling hills to mountainous areas and is primarily suited to extensive livestock production 4 . The homesteads of the participating farmers were situated at 1214 to 1532 m above sea level. With the exception of January and February 2004, the monthly rainfall for Bulwer was similar to the average monthly rainfall for 1990-2002 (Fig. 1) .
Farmers with at least 7 weaned does were identified within the study area and were invited to participate in the experiment. Three farmers' goat herds were included from each of the villages of Nkwezela and Njobokazi and 2 from Hlafuna. Within each village, the farmers' goats were extensively grazed on communal pastures.
The ages of the experimental goats were determined at the start of the experiment by examination of the lower incisors and scored as 0-, 2-, 4-, 6-or 8-tooth animals 12 , where the number corresponds to the number of erupted permanent incisors. For statistical analysis, the goats were divided into younger animals (having 4 or fewer permanent incisor teeth and estimated to be 18-21 months old or younger 12 ) or older animals (having more than 4 permanent incisor teeth and being older than 18-21 months of age). The goats were identified by numbered ear-tags inserted at the start of the study.
Pasture sampling
Herbage May. The 6 sites were designed to encompass the various common grazing ranges of the goats on the hillsides. During each collection period, herbage samples were collected by cutting or plucking the grass and herbs falling within a quadrat of 400 mm × 400 mm thrown at random on 10 occasions in each of the 6 grazing areas. The positions where the quadrat fell were identified on the 1st visit by means of GPS points. The same points were located on each subsequent visit and the quadrat was then thrown from these points during the subsequent visits. The samples from each grazing area were then pooled by site for analysis, as were the various components such as leaves, stems and grass. Samples of browse leaves from shrubs falling within~3 m of the place where the quadrat fell were also collected. The samples were dried, milled and analysed by proximate analysis for dry matter, lipid and ash content 1 , crude protein 2 , acid detergent fibre and neutral detergent fibre 16 .
Monitoring and sampling
During the 4-weekly visits to the homesteads, from February 2004 to October 2005, the weaned and adult does were weighed with a spring balance able to weigh to 200 kg in 500 g increments (Salter Model 235, Capital Scales, Pretoria, South Africa) and their body condition scored on a scale of 1 (very thin) to 5 (obese) 14, 22 . At the same time, blood was collected from the jugular vein into evacuated ethylene diamine tetra-acetic acid (EDTA) tubes (Vacutainer Systems, Becton Dickinson, France). The blood was stored in an ice-filled cooler box for transport to a field laboratory and was processed on the same day as collection. Two heparinised microhaematocrit tubes (Brand, Wertheim, Germany) were filled with blood per sample and centrifuged (Hermle Z230 HA, Germany) for 8 minutes at 12 000 revolutions per minute. The haematocrits were read for the 2 microhaematocrit tubes and the mean of the 2 readings used in the analyses. Faecal samples were obtained for faecal nematode egg counts 13 . Faeces were also collected from the experimental animals and from the other goats in the herd for pooled culture for 3rd-stage nematode larvae from May 2004 to October 2005. The faeces were transported in an ice-filled cooler box or stored in a refrigerator until processing in the laboratory. Cultures were made according to Reinecke 13 and identification of the larvae was done following the key of Van Wyk et al. 17 . Faecal trematode egg counts were carried out according to the method of The goats were evaluated according to the FAMACHA © system, a method of assessing anaemia which has been tested for use where Haemonchus contortus infection is the cause of anaemia 10, 21 . The colour of the conjunctival mucous membranes is compared with a colour chart depicting 5 gradations of red from '1' to '5', '1' (red) corresponding to 'healthy' and '5' (white) to 'severely anaemic'. Goats that were scored as 3, 4 or 5 were considered anaemic. The scoring was done by the farmer or the farmer 's assistant (e.g. a son or daughter or herdsman) under the guidance of an experienced evaluator (M D Chipana, M O Stenson or A F Vatta), or by the experienced evaluator himself.
The farmers were asked whether the does were suckling kids (0, 1 or 2 kids) and this information was recorded. Data for 56 does were included in the final analysis. 
Experimental design
The experimental interventions are summarised in Table 1 -scored as anaemic that had not been selected for tactical treatment, but which were treated because they were considered anaemic. The data for groups (c) and (d) were combined for the analyses (anaemic-scored and tactically treated group, F © /TACT group).
Statistical analysis
The data were analysed statistically by means of a 2 × 3 factorial analysis of variance (ANOVA) for unbalanced data using the GenStat statistical software (GenStat ® for Windows ® 7th edition, VSN International Ltd). Both the main effects of urea-molasses block supplementation (2 levels) and tactical anthelmintic treatment (3 levels) were examined as well as the interaction of supplementation by tactical anthelmintic treatment. The data were further analysed for effects of age and supplementation, the age by supplementation interaction, age and tactical anthelmintic treatment, and the age by tactical anthelmintic treatment interaction. Treatment means were separated using Fisher's protected t-test least significant difference at the 5 %level. The data for the faecal egg counts were log-transformed (y = log10 (egg count + 1)) to stabilise treatment variances, but the untransformed values are reported in the text and figures.
RESULTS
The dry matter content of the herbage was highest during the late dry season, consumed by the total number of goats in the herd, including animals not included in the study. Examination of 3rd-stage nematode larvae derived from faecal cultures showed a predominance of Haemonchus larvae throughout the study period, but Teladorsagia/Trichostrongylus larvae occurred in higher percentages than the other larvae during the months of July and August 2004 and at the end of January and in May and July 2005 (data not shown). Larvae of Oesophagostomum, Strongyloides and Gaigeria/Bunostomum occurred in very low numbers (on average, making up less than 5 % of the larvae recovered, except for August 2005 when Oesophagostomum larvae averaged 18 %).
Tactical anthelmintic treatment had a transitory effect on the faecal egg counts (P = 0.066 for 31 January 2005). These decreased in TACT goats following treatment, but returned to levels similar to those of the NON-F © /NON-TACT goats within 8 weeks following the treatment ( Fig. 2a-c ; P = 0.760 for 28 February 2005). Importantly, the tactical treatment prevented the summer, wet season peak in egg counts which was seen during February in the NON-F © /NON-TACT goats. There was no apparent long-term effect on egg counts following the tactical treatment.
The urea-molasses supplementation appeared to have an effect on egg counts in August and September 2004 and the end of January 2005 when the BLOCK animals had significantly lower egg counts (P < 0.05) than the NO-BLOCK animals. Otherwise, the differences in egg counts between the BLOCK and NO-BLOCK animals were not statistically significant (P > 0.05). There were no significant differences for the interaction of tactical treatment and urea-molasses block supplementation on egg counts (P > 0.05).
Although never significantly so, the faecal egg counts for the younger animals (with 4 or fewer permanent incisor teeth) were generally higher than those of the older animals and this difference was greater during the warmer, wetter months of January to March. The age of the animals did not affect the effectiveness of the tactical treatment. The interaction of age and supplementation was significant only on 24 May 2004 and 3 January 2005 (P < 0.05; Fig. 2d ). The NO-BLOCK younger goats had the highest egg counts at these times, which were significantly higher than the egg counts of the BLOCK younger goats (P = 0.004) in May 2004 and tended towards being significantly higher than the egg counts of this group on 3 January 2005 (P = 0.083).
The average haematocrit for the goats was 26.4 % during the study. The younger animals showed significantly greater weight gains than the older animals (6.3 kg versus 2.7 kg; P = 0.003). Both younger and older BLOCK animals showed lower weight gains than their NO-BLOCK counterparts, but the interaction was not significant. The weight gain in theDISCUSSION On-station supplementation of extensively grazed Boer goats with ureamolasses blocks, during the dry winter season in the summer rainfall region at Onderstepoort, without tactical anthelmintic treatment in the wet summer season, resulted in greater carcase values over controls 18 even though intake of block was also low in this experiment (77-78g per goat per day, unpublished data). However, mean faecal nematode egg counts for the goats were low (less than 400 eggs per gram of faeces, epg) throughout the period of this study. It was decided to test the tactical anthelmintic treatment on-farm as the egg counts were expected to be higher. This was the case in the present study, with a period of higher egg counts observed during January to March and mean faecal egg counts calculated for all animals peaking at 2227 epg and 1605 epg in March 2004 and January 2005, respectively. The predominant nematodes in the goats were Haemonchus spp. and this would account for the decrease in the haematocrits observed during the months of January to March 2005.
For the purposes of this investigation, the pasture infectivity levels were assumed to be similar between the 3 communities and between communal grazing areas within those communities themselves. The pastures in the communities have similar geographical features such as hills, streams and open pastures; the pastures were subjected to similar weather conditions; they were similarly utilised for grazing, being criss-crossed by sheep, goats, cattle and horses of the community; the ages, breeds and numbers of animals on the pastures appeared to be similar and anthelmintics were used sparingly in the animals, as far as could be determined.
In the absence of data on the age of maturity in the indigenous Zulu goats raised on communal pastures, the division of the goats into younger and older animal groups was somewhat arbitrary. It was reasoned that the animals may take up to 2 years to mature which would correspond with animals with 4 permanent incisor teeth 12 . The only statistically significant differences between the younger goats and the older goats in terms of the parameters measured were seen in live weight and live-weight gain. The younger goats generally had lower live weights than the older goats and they showed a greater weight gain than the older goats, as they were still growing. Though not statistically significant, the egg counts of the younger animals were higher during January and February 2005 than the counts of the older animals. The difference in number of kids suckled per doe year-on-year was greater in the younger animals than in the does with more than 4 permanent incisor teeth, though this difference was not statistically significant. This may have happened because a proportion of the younger animals may not have reached reproductive maturity to produce a kid during the 1st year of the study, creating the greater difference seen year-on-year.
During the dry season, the nutritional status of the natural grazing decreased. This was reflected in a higher dry matter content and lower crude protein content of the herbage, and by a decrease in the live weight, body condition score and haematocrits of the goats during the dry season. Supplementation with ureamolasses blocks during the dry winter season may then have been expected to have a positive effect on production parameters such as live weight, liveweight gain, body condition and the numbers of kids suckled per doe, as well as on the health of the animals as measured by faecal nematode egg count, haematocrit and FAMACHA © score. In the current study, the effects of the supplementation were equivocal. BLOCK and NO-BLOCK animals generally did not show statistically significant differences in body condition scores, live weights, live-weight gain, differences in kids suckled per doe year-on-year and haematocrits. FAMACHA © scores between the 2 groups did not differ.
Supplementation did appear to have an effect on reducing the faecal egg counts in the period immediately following and during the wet period following the 1st year 's supplementation (P < 0.05), especially in the younger animals. Datta et al. 6 have described the long-term effects on resistance to nematode infection and live-weight gain of the short-term provision of protein-enriched diets to weaner sheep.
The consumption of the urea-molasses blocks was low. The manufacturer recommends 100-140 g per sheep per day (Voermol Pasture Supplements Product Handbook, 2nd edition, Voermol, Maidstone, South Africa). Greater effects of the supplementation may have been seen had the consumption of the blocks been higher. The reason for the relatively low consumption of the blocks is not known.
The separation of the animals into F
